updatethe finite-element model of the nozzle to these frequency curves, the percentage differences of the anisotropic composite moduli due to temperature variation from ambient, which had been used in the initial modeling and which were obtained by small sample coupon testing, were multiplied by an iteratively determined constant factor. These new properties were used to create high-temperature nozzle models corresponding to 10 second engine operation increments and tied into the engine system model for loads determination.
After this thermal correlation was completed, a complete profile of the average bulk temperature of the inner composite layer for each axial position of the nozzle at 0, 25, 50, 100, and 150 seconds into the test was generated (since there was very little difference between the values at 100 and 150 seconds, the 100-150 second increment was ignored at this point).
A plot of these temperatures versus the axial location along the nozzle is shown in Fig. 7 (a cross-section of the nozzle is also superimposed for illustrative purposes). The bulk value was chosen since twodimensional composite plate elements were used in the finite-element model, so temperature variation in the transverse direction would not be able to be used. Using a linear interpolation betweenthese time profiles, the temperature at any location at any time into the test was generated.
Model Correlation
Any of a number of methods could be now applied to obtain the desired test-verified "hot" model of the nozzle. Previous work discussed earlier indicates that both the variation in stiffness properties and the thermal stress play a role in the change in natural frequencies for the transient heating conditions that existed in the hot-fire test, but for simplification and timeliness it was originally assumed that the material properties were solely responsible for the change. Of course, the definition of"reasonable agreement" with test is subject to considerable variation.
This assumption has been verified
In this case, the frequencies for several of the higher modes were not in agreement even at the beginning of the test, so it would not make sense to try to exactly match the frequencies at the end. It was decided instead to try to match the rate of decline in natural frequency to obtain the true effect of the temperature. The most straightforward method to achieve this goal was to multiply the percent decrease at a particular temperature of all the properties from their baseline value at 70°F by some constant. After several iterations, a factor of 1.2 was determined for all the properties but Poison's ratio u, which required a factor of 1.05. The results of applying this factor on the material properties is shown in Table 2 . versus time into the test. The modal descriptions in the chart legend are 2 N°for the 2 nodal diameter mode, 3ND, etc. and the "Balloon 2N°'' refers to a mode which has a 2 nodal diameter shape just aft of the throat in addition to another 2 nodal diameter shape out-of-phase with it near the exit plane. Final correlation consisted of qualitatively matching the test/analysis frequency curves as well as using the quantitative error measures.
Model Implementation
Using the newly correlated material property versus temperature profile and the new nozzle location temperature profiles, complete nozzle models representing the material properties at 10 second increments into hot-fire were then generated. These models were supplied to the total engine system model for loads generation at these increments, which is discussed in a paper by Frady. 
